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Modern challenges facing the printing machinery industry under the influence of 

market conditions necessitate the solution of important tasks related to the 

improvement of equipment and the creation of new high-performance machines. 

Achieving a high technical level and effective operation of equipment largely depends 

on its quality, reliability and durability. These aspects fully apply to bookbinding 

equipment, in particular cutting machines, which occupy an important place in the 

printing industry, being an integral part of technological processes. 

Today, the bookbinding industry is actively undergoing modernization - replacing 

low-performance equipment with high-speed and efficient analogues. The transition to 

the latest equipment of this type is possible only if scientific approaches to design are 

applied, which involve mathematical modeling of dynamic processes in machines, 

widespread use of modern computer technologies and appropriate software [1-4]. 

The goal of our research is to develop a method for automated analysis and design 

of the functional group of knife drive mechanisms taking into account dynamic 

characteristics, as well as to determine rational designs for various structural 

configurations of multi-link mechanisms used in knife drives of cutting machines. 

The main tasks that were set were to create a method for analyzing functional 

groups of cutting mechanisms, in particular those that include higher-class Assur 
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groups; analytical determination of the force acting on the knife during the cutting 

process; development of a methodology for calculating forces in the mechanisms of 

cutting systems both without taking into account friction and taking into account its 

influence; performance of a comparative analysis of two options for driving side knives 

for a three-sided trimming machine. 

Let's start by performing a generalized algorithm for analyzing the schemes of knife 

movement mechanisms and machines for three-sided trimming of blocks. 

The main types of mechanisms for moving the side and front knives of machines 

for three-sided cutting of blocks are shown in Fig. 3.1 [5]. 

The mechanism shown in Fig. 3.1 (e) stands out a little and differs from other 

mechanisms for driving knives of three-knife cutting machines that we have 

considered. The principle of its operation is that the knives do not perform 

reciprocating or oscillatory motion, but rotational motion at a constant speed, so the 

inertia of the mechanism is much smaller than in traditional schemes. It is also the most 

portable drive scheme. But some of its features limit its application and use in cutting 

machines. So, the disadvantages include, first of all, significant difficulties in ensuring 

the specified parameters of the law of periodic motion. The presence of higher 

kinematic pairs under significant technological loads causes high stress in the material 

of the links, which in turn adversely affects the nature of the load. This is the cause of 

gaps, deformation of the teeth and, as a result, cutting errors, shocks in the mechanism. 

According to available data, such a drive is implemented only in one of the models of 

three-knife cutting machines of the Muller Martini company. In view of the above-

mentioned study, we did not conduct it. Let us build a generalized kinematic analysis 

algorithm for these mechanisms. For this purpose, let us select a family of vector 

contours for these mechanisms Fig.3.2. Let us write the vector equations that 

correspond to them. 

The drive mechanism of the side knives of the ЗБРT-450 (Fig. 3.2, a): 
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Figure 3.1. – Main types of drive mechanisms for three-sided cutting of blocks: side 

(a, b, c, e) and front knife (d, e) mechanisms of machines [5] 
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Figure 3.2. – Vector contours of knife drive mechanisms for three-sided cutting 

of blocks 

 

The drive mechanism for the side knives of the original three-sided trimming 

machine (Fig. 3.2, b): 
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Side knife drive mechanism 2БРT-125 (Fig. 3.2, c): 

 

 

Side knife drive mechanism 2БРT-125 (Fig. 3.2, c): 

 
Front knife drive mechanism 2БРT-125 (Fig. 3.2, d): 

 

 

In previous works [4, 6 - 8] algorithms for analyzing the knife drive mechanisms 

of single-knife cutting machines are presented in detail. Therefore, we will limit 

ourselves to describing the generalized algorithm in vector form with brief 

explanations. The simplest scheme is c . Its vector algorithm can be obtained from the 

algorithm of scheme a under the following conditions: 

 

The left parameters belong to scheme a, the right ones to scheme c. Link 1 in 

scheme a receives movement from the cam. This means that 

 

 

where φk is the cam rotation angle, 

, ,    - angular displacements, an analogue of angular link 1, 

selected in accordance with the adopted acceleration law of the driven link of the cam 

mechanism (sinusoidal, cosine, Shun's law, etc.). For other schemes, link 1 rotates 

uniformly, and   𝜓(𝜑𝑘) = 1;  𝜓′(𝜑𝑘) = 1. 

Analysis of the vector equations of schemes a and b shows that the generalized 

algorithm must branch, since the first scheme contains two Assur groups of the second 

class with sliders, the second scheme contains two groups of the second class with 

rotational pairs, and scheme 4 contains Assur groups of the third class, the positions of 

the links of which can be determined by the search method similar to the third vector 

contour. 
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Fig. 3.3. shows a block diagram of the generalized algorithm that forms the basis 

of the program for analyzing the schemes of the drive mechanisms of three-knife 

knives of cutting machines. 

For scheme aF1 * = F1K; for schemes b, c and d F1* = F1. 

 

 

 
Figure 3.3 – Block diagram of the generalized algorithm underlying the program 

for analyzing the schemes of drive mechanisms of three-knife knives of cutting 

machines 
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